Ecology of the rare fungus Hydropus atramentosus (Basidiomycota, Agaricales) in the Czech Republic and its potential value as a bioindicator of old-growth forests

INTRODUCTION
Hydropus atramentosus (Kalchbr.) Kotl. et Pouzar is a rare lignicolous basidiomycete (Agaricales, Tricholomataceae) growing on dead wood of conifers (Abies, Picea) . In Europe, it is known from its western, central, eastern and southern parts. Records of it from the Czech Republic (CR) were published by Kotlaba and Pouzar (1962) , Kubička (1973) , Kuthan (1981 Kuthan ( , 1990 , Beran (1996) , Holec (1999) and Papoušek (2004) . Data on its ecology from the Czech (and Slovak) literature and herbaria were evaluated by Kotlaba et al. (1995) . H. atramentosus was characterised here as a species of Abies-Picea forests, pure Abies forests and montane Abies-Picea forests (remark: data published here showed that such a generalisation is rather misleading), mostly having virgin character.
From the conservational viewpoint, H. atramentosus is considered a critically endangered species in the Red Book of the CR (Kotlaba et al. 1995) and an endangered species in the Red List of fungi of the CR (Holec and Beran 2006) . In 2005 it was proposed by Czech mycologists to be included into the updated list of organisms protected by law (not accepted so far due to political obstructions). In Europe, H. atramentosus is included in the red lists of 6 countries (Tab. 1), which clearly shows that it deserves the attention of mycologists.
The aim of this paper is to evaluate the relationship between occurrence of H. atramentosus and degree of naturalness of forests in the Czech Republic (with respect to adjacent countries) in order to make clear if the species can be considered a bioindicator of old-growth forests, at least in this part of Central Europe. Such an evaluation has not been carried out in Europe yet.
MATERIAL AND METHODS
The data on the occurrence of Hydropus atramentosus in the Czech Republic are based on herbarium specimens from PRM, BRNM, CB and BRA (for abbreviations, see Holmgren and Holmgren 1998), published records (see above) and finds (not documented by voucher specimens) by taxonomically erudite mycologists. In herbaria, recent collections are kept as Hydropus atramentosus, the older ones mostly as Mycena fuliginaria. In addition, Daniel Dvořák, Helena Deckerová, Josef Slavíček and Petr Vampola, important Czech field mycologists, were asked about possible finds of H. atramentosus, however all replies were negative.
For the purpose of this article, the following degrees of naturalness of forest stands are used [the terms are used in conformity with reviews published by Vrška and Hort (2003) and Vrška et al. (on-line) , which reflect both the international context and concrete data from the Czech Republic]: o l d -g r o w t h f o r e s t s v i r g i n f o r e s t: possessing a natural tree species composition, multi-aged structure, long continuity (never completely cut), almost untouched by man (almost no selective cutting, no clearings, no removal of fallen trunks at present) n a t u r a l f o r e s t + n e a r -n a t u r a l f o r e s t: possessing a natural tree species composition, multi-aged structure, long continuity or having been naturally recovered after cutting, little influenced by man (selective cutting, forest paths, small clearings, pasturing in the past, removal of some fallen trunks, partly managed by foresters in near-natural forests). Natural and near-natural forests can be distinguished according to many characters (e. g. Vrška and Hort 2003, Vrška et al. on-line) . However, for the purpose of this article they are combined in one category because of incomplete data on localities and habitats of H. atramentosus in literature and on labels of herbarium specimens. c u l t u r a l f o r e s t s m a n -i n f l u e n c e d f o r e s t: possessing a natural tree species composition but homogeneous age structure, completely managed by foresters, some fallen trunks left. m a n -m a d e f o r e s t: possessing an unnatural tree species composition (mostly homogeneous Picea or Pinus plantations instead of a heterogeneous composition), completely managed by foresters.
A b b r e v i a t i o n: not. -from the Latin word notavit, i.e. recorded, a find which is only recorded but not documented by a voucher specimen. 
RESULTS AND DISCUSSION
Distribution and threat in Europe
Based on published data from Europe, H. atramentosus is known from Switzerland (e. g. Breitenbach and Kränzlin 1991) , Germany (e. g. Krieglsteiner 1991 Krieglsteiner , 2001 , Czech Republic (see Introduction and Tab. 2), Austria (Hausknecht et al. 1997 , Hausknecht et al. 2006 ), Poland (e. g. Wojewoda 2003 , Slovakia (e. g. Kubička and Svrček 1955 , Kotlaba and Pouzar 1962 , Kuthan et al. 1999 , Škubla 2003 , Lithuania (Urbonas 1970), Ukraine (Kubička and Svrček 1955: p. 23 -PRM 488548; Holec 2008) and Croatia (Tkalčec et al. 2007) . Some records and photo-graphs from France and Italy are published on-line. Occurrence in Romania is mentioned by Krieglsteiner (2001) but without any citation.
In all these countries H. atramentosus is characterised as a rare species (sporadic records only). Consequently, it is included in the red lists of 6 countries (Tab. 1).
The species is not known from the British Isles (Legon and Henrici 2005) or Nordic countries (Hansen and Knudsen 1992 
Distribution in the Czech Republic
Most of the localities cited below are enumerated in the Red Book by Kotlaba et al. (1995) and the Red List by Holec and Beran (2006) , but without exact data on individual collections. R e m a r k s. In most herbarium specimens of H. atramentosus, the exact altitude is not given. In the following survey, the value of the altitude is preceded by the abbreviation "alt." if the exact value is known. If it was deduced from maps according to data on the locality, by the abbreviation 'alt. ca.'. 
Evaluation of substrates, habitats and distribution in the Czech Republic
In the Czech Republic, H. atramentosus is a very rare fungus growing on dead wood of Abies alba, less frequently Picea abies. It occurs on decaying or decayed (fallen) trunks and stumps, sometimes covered with mosses. Its habitats include above all various types of Fagus forest with admixed Abies alba and/or Picea abies (and other broadleaved trees, see Tab. 2). Phytosociologically, they can be characterised as herb-rich Fagus forests or limestone Fagus forests (alliance Fagion) (Chytrý et al. 2001 , Moravec et al. 2000 . Visually, the habitats are either almost pure Fagus forests with rare presence of Picea and/or Abies (lower altitudes: hilly country, see Tab. 3) or mixed submontane or montane forests mainly composed of Fagus, Abies and Picea (+ Acer, Ulmus, etc.). However, there is one rather deviating record from Fryšavský kopec hill (Tab. 2), where H. atramentosus was found in a man-made Picea forest. However, in the past this area was also covered by forests dominated by Fagus with admixed conifers and other broadleaved trees.
As shown in Tab. 2, H. atramentosus was mostly found on slopes of mountains or hills. This is true for areas with higher altitudes (submontane and montane belts, see Tab. 3). However, 3 out of 4 localities situated in the colline belt (201-500 m a. s. l.), namely Libochovka, Coufavá and Josefovské údolí, are deep stream valleys. This shows that H. atramentosus requires habitats with a humid meso-and microclimate, which is either ensured by higher altitude or by microclimatic inversion in deep valleys. Further ecological requirements of this fungus are discussed in next chapter.
Thorough data on the ecology of H. atramentosus in Baden-Württemberg (Germany) were published by Krieglsteiner (2001) . In many respects they are very similar to the data from the Czech Republic (substrates, occurrence among others in Fagus forests with admixed Abies, altitudinal distribution, preference for stream valleys, rareness). Polish data (Wojewoda 2003) show that its spectrum of habitats is broader (e. g. Tilio-Carpinetum, i. e. linden-hornbeam forest, obviously with presence of conifers as the substrate of H. atramentosus).
Is H. atramentosus confined to old-growth forests?
The data on the degree of naturalness of forest stands at Czech localities of H. atramentosus are presented in Tab. 2 and summarised in Fig. 1 . The fungus shows clear preference for old-growth forests (for degrees of naturalness, see Material and Methods). The prevalence of natural and near-natural forests (which are slightly influenced by man) in comparison to real virgin forests is not caused by a low frequency of H. atramentosus in virgin forests but by the rareness of such habitats in the Czech Republic. In Boubínský prales virgin forest (the only virgin forest of the localities evaluated here) the species is well established, which is documented by its numerous records from there (Tab. 2).
However, the species is also able to live in man-influenced or even man-made forests. It is evident that a mere presence of a suitable substrate (fallen coniferous trunk or stump) combined with a humid microclimate of a closed forest stand (there are no records from clearings, forest margins, etc.) enables its occurrence. However, such records are really rare and accidental. On the other hand, when near-natural and especially natural and virgin forests with presence of old fallen trunks and stumps of Abies and/or Picea are investigated, the presence of H. atramentosus is highly predictable.
Clear linkage of H. atramentosus to old-growth forests is also documented by the fact that 13 of the 15 localities in the Czech Republic are various types of nature reserves (Tab. 2), where such forest types are protected.
From a purely scientific viewpoint, H. atramentosus cannot be considered a relict species confined exclusively to remnants of natural vegetation almost untouched by man. It clearly prefers old-growth forests but rarely occurs also in cultural ones. However, H. atramentosus can be used as a bioindicator of conservationally valuable forest stands (natural vegetation, presence of dead wood: fallen trunks and stumps in later stages of decay, stable meso-and microclimate), especially when combined with other species of similar character. Such a conclusion relates primarily to the data from the Czech Republic. It is hard to judge its validity in a broader European context, as information on the degree of naturalness of the localities of H. atramentosus is lacking in literature. I can only discuss the records from Slovakia which were partly made by Czech mycologists or whose information is known due to the long common history (both political and mycological) of Slovakia and the Czech Republic. In Slovakia, H. atramentosus is also predominantly known from natural and virgin forests, mostly protected as nature reserves: Rozsutec, Dobročský prales, Švedlár: Na Hrabliach, Udava, Jarabá skala, Stužica (Kubička and Svrček 1955 , Kotlaba and Pouzar 1962 , Kuthan et al. 1999 , Škubla 2003 . I also know records from Ukraine, concretely from the Eastern Carpathians, where the fungus grows in natural montane forests, too (Kubička and Svrček 1955: p. 23 -PRM 488548, Holec 2008) . 
